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ABSTRACT: An apparatus for mounting a radiator or other 
fluid-communicated vessel for hinged movement which in- 
cludes a fluid line formed of spring material which is coiled 
within a housing and which tends to uncoil for deployment of 
the radiator, the rate of deployment being controlled by a 
damping means within the housing. 
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The invention described herein was made in the per- 
formance of work under a NASA Contract and is subject to 
the provisions of Section 305 of the National Aeronautics and 
Space Act of 1958, Public Law 85-568 (72  Stat. 435; 42 
U.S.C. 2457). 

SUMMARY OF PROBLEM AND INVENTION 

The need for streamlining an airplane, spacecraft, or the 
like, is a very significant requirement limiting the design of the 
craft and its various components. Spacecraft and airplanes are 
sometimes equipped with coolant systems which are intended 
to surrender substantial quantities of heat to the surrounding 
space. Optimum cooling is obtained by exposure of a large 
surface area to the surrounding space and to this extent, this 
requirement is contradictory to the streamlining requirements 
for the spacecraft or airplane. 

The apparatus of the present invention may be installed on a 
spacecraft or airplane for deployment of a coolant radiator, or 
other fluid-communicated device, while yet maintaining the 
streamlining of the craft in question. The present invention 
permits the fluid-communicated device to be folded to a 
recessed, more streamlined position, and at some selected 
time, moves the coolant radiator or other fluid-communicated 
device to a deployed or cooling position. It will be understood 
that deployment is achieved when streamlining is not so criti- 
cal, and, or of course, the apparatus may be retracted to its 
original or streamlined position. The deployment actuator of 
the present invention functions bidirectionally and repetitive- 
ly. 

The present invention is summarized as including a housing 
adapted to be connected to the spacecraft or airplane, and has 
a fluid inlet for receiving the coolant. The fluid inlet is con- 
nected with several turns of tubing which tend to uncoil and 
rotate the fluid outlet to a deployed position. The fluid outlet 
is connected with the :oolant radiator. The coiled tubing un- 
coils at a rate controlled by a damper means which is com- 
prised of two bellows communicated with one another by a 
restricted passage such that the rate of flow between chambers 
is controlled. The two chambers are positioned within the 
several coils of the tubing and suitable connective structure 
between the damping means and the tubing slows the rate of 
deployment through operation of the damping means. 

Many objects and advantages of the present invention will 
become more readily apparent from a consideration of the fol- 
lowing specification which makes references to the following 
drawings: 

FIG. 1 IS a sectional view through the center of the deploq- 
ment actuator of the present invention; and 

FIG. 2 is an end view of the structure shown in FIG. 1, show- 
ing the recessed position of the apparatus in full line and the 
deployed position of the apparatus in dotted line. 

In the drawings, the numeral 90 indicates the deployment 
actcator means of the present invention generally. The 
deployment actuator includes a fixed housing 11 which is 
adapted to be connected with the spacecraft or airplane at 
some suitable point, typically near the skin of the craft and in 
the proximity of a coolant-circulating system for connection 
thereto. The fixed housing 11 incorporates a pair of upstand- 
ing supports n2 and 13 between which the greater portion of 
deployment actuator is located. The upstanding supports 12 
and 13 are preferably parallel to one another, and are con- 
structed with suitable mounting holes and the like for support 
of the deployment actuator BO. 

The numeral E4 identifies a movable mounting bracket 
which rotates and translates in conjunction with a fluid outlet 
15. The numeral E4 indicates a fluid inlet which is in commu- 
nication with the outlet 15. Briefly, the housing 11 is con- 
nected with the spacecraft or airplane at a suitable point on 
the structure, and the fluid inlet 16 is connected with the coo- 
lant system in the spacecraft. A fluid-communicated device, 
such as a coolant radiator or the like, is attached to the mount- 

ing bracket 14 and connected with the fluid outlet 85. Thus. 
the apparatus provides structural support for the coolant 
radiator, and fluid path. As shown in both FIGS. 
coolant radiator is both rotated 

5 ment. The deployment actuato 
will now be described in detail 
lated to the brief description above. 

Beginning with the fluid line, the inlet 16 is secured in loca- 
tion by a threaded eyelet 118 having a upstanding flange and is 

10 locked in position by a nut 19. The fluid line is indicated by 
the numeral 20, and is preferably formed into perhaps 
between four and eight turns of coiled tubing. The tubing is in- 
dicated by the numeral 20 and includes the straight portions as 
well as the coiled portions of ehe fluid line. The tubing 20 is 

15 preferably a resilient material, an the several turns thereof will 
be referred to hereinafter as a hollow torsion spring which is 
motive force causing deployment of the coolant radiator. The 
full line position of FIG. 1 shows the fluid outlet 15 in the 
upper portions of the view, whereas the deployed position is 

2o achieved after 90" of rotation, at  which juncture the several 
coils of the tubing are in the extended position. 

A damping means 24 controls the rate of deployment as 
mentioned before. The damping means is received within the 
coiled pipe 20, and is preferably comprised of fluid-filled bel- 

25 lows. The numeral 25 indicates the end plate of the damping 
means, which is bolted to the upright support 12. The back 
plate 25 includes a centrally located filling port 26 which is 
closed by a suitable threaded plug 27. A circular structural 

3o member 28 is joined to a first set of bellows 29. The numeral 
30 indicates a plurality of bolts which extend through the 
upright support 12, the back plate 25, and into the circular 
structural member 28 for pulling it snugly against the back 
plate 25 to seal thereagainst through the use of an O-ring cap- 

35 tured within a slot as shown in the drawings. The circular 
structural member 28 and the bellows 29 are preferably joined 
together by means well known in the art with a number of 
folds of the bellows permitting expansion or contraction of the 
length of the bellows 29 as will be described hereinafter. The 

40 bellows 29 extend from the circular structural member 28 and 
connect to a centrally located movable partition 32. The parti- 
tion 32 captures fluid within the bellows 29 subject to escape 
only through a small orifice 33 through the partition 32. Addi- 
tionally, a check valve 34 permits flow from the bellows 29. 

45 but not into the bellows 29 for purposes and reasons as will he 
discussed hereinafter. 

The movable partition 32 incorporates a support bearing 35 
guidance ring 36. The ring 34 is connected with 
4 and its snug fit in relation to the moving parti- 
the posture of the deployed radiator during its 

movement in a manner to be described. The support bearing 
35 is preferably a smooth material, such as "Teflon" or the 
like. The moving partition 32 is joined to a second bellows 39 
which are connected at their opposite ends to a circular sup- 

5 5  port ring 40. The bellows 39 resembles the bellows 29 in the 
number of folds, diameter, and maximum range of deflection. 
The support ring 40 is similar to the circular support member 
28 previously described. The ring or member 40 is pulled 
snugly against an end plate 411 by a number of bolts 42 and a 

60 suitable O-ring is captured between the ring 40 and the end 
plate 41 to seal the bellows 39 against 
bellows 39 through a tapped opening at 

To this juncture, the damping means 
as including a pair of bellows which are separated by the mov- 

65 ing partition 32 with fluid communication achieved through 
an orifice 33 and a check valve 34. As shown in the drawings, 
the check valve 34 permits flow from the bellows 29 into the 
bellows 39. However, the check valve is so arranged to deny 
fluid communication in the reverse direction. Hence, the par- 

70 tition 32 can move reasonably rapidly to the left as viewed in 
FIG. 1, but moves rather slowly to the right. Movement to the 
right is impeded by the fluid flow through the orifice 33 only, 
the check valve passage 34 closing when pressure is asserted 
from the right-hand portion of the damping means 2 

75 will be noted concerning this hereinafter. 
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losed gas-filled toroid captive bracket 14 in a noncanted or nonskewed position, as does the 
is anticipated that the deploy- captured ring 36 and the other apparatus mentioned above 

ment actuator 10 of the present invention will be used in ex- with regard to this problem. It will be appreciated that three 
tremely cold, near vacuum environments of the high at- guide pins accomplish this result equally as well as four or 
mosphere of outer space. The use of the gas-filled toroid 48, 5 more. 
which is a closed chamber within the bellows 29, provides a The deployment actuator of the present apparatus 
means of compensation for thermal expansion or contraction should now be considered in o ation. Briefly, the apparatus 
of the fluid filling the bellows 29 and 39. Otherwise, the ap- is attached to a spacecraft or other airplane, and the fluid inlet 
paratus would be susceptible to changes in the rate of opera- 16 is connected with a source of coolant fluid or the like. The 
tion inasmuch as when the deployment actuator 10 is at  a high outlet I5 is likewise connected to a coolant radiator or some 
elevation with respect to the Earth, the fluid flow through the other fluid device. The radiator or the device is secured to the 
orifice 33 will change, and deployme ht be accomplished projecting mounting bracket 1 to obtain the degree or struc- 
too rapidly. Thus, the gas container nds to keep the rate tural support and integrity. Preferably, the deployable radiator 
of operation of the deployment actuator 18 relatively Constant is tethered or secured by apparatus not pertinent to the 
without regard to the thermal conditions of space at  the time present invention in its withdrawn or streamlined position. At 
of use. the time the deployment is desired, the radiator is released and 

the moving partition 32 which moves to the le r to the right merit. The full-line position of FIG, 1 is the withdrawn posi- 
without rotation, or deflection upwardly or downwardb. The 2o tion, while the dotted line position is the deployed position. 
captured ring 36 is carried with the moving partition 32. The Deployment is achieved in the folio 
captured ring 36 is connected to the bracket 14 with the fol- of the tubing 

and the fluid outlet 15 mov 
The bracket I4 moves with 

25 the outlet $5 forces the rin 
which extends fully around the damping clockwise as shown in FIG. 2. Rotation of the plate JB) carries 
interconnects with the mounting bracket with it the connected concentric cylindrical members 4 
ring member 50 is obscured in the upper Part of FIG. 1 by the 53. This apparatus is guided in its movement by the guide pins 
fluid outlet 15 which passes through an opening 58 in the ring 54, and the captured internal ring 36. Hence, the ring member 

50 by a suitable nut and threaded eyelet assembly at  52 for fix- toward it as viewed in FIG. 1. The rate of translation IS 
ing the movable or free end of the fluid pipe 20. The ringlike determined by the damping meanS a8 a quantity of damping 
member 50 extends outwardly of the internal cylinder 49 to an fluid is moved from the extended bellows 39 to the collapsed 
external cylinder 53. As shown in the lower portions of FIG. P bellows 29. The flow is through the orifice 33 in the movable 
the cylinder 49 is located internally of the several turns of the 35 partition 32. Likewise, the guide pins follow the slots formed 
pipe 20. The cylinder 53 is located outside the several turns of in the cylindrical member 5B and the deployment is 
the pipe 20. The two are interconnected by the ring member completed. 

As described thus far, the damping means incoTorates the several turns of the hollow torsion spring cause its deploy- 

The 

member 50. The fluid Outlet Is is joined to the ring member 30 56) remains parallel to the upright support member 13 and 

so, and all three Of the above-described members move in 
unison with the captured ring 36' Thus, as the damping 

permits movement Of the partition 32 to the right Of 

From the foregoing, it will be noted that deployment of the 
bracket 14 and the outlet connection 15 is achieved at a con- ' 40 trolled rate by operation of the damping means &$. Moreover, 
the control of the translation rate likewise regulates the rate of O n  the ring 34 captured with the partition 32 car- 

ries the concentric cy1inders 39 and 53 with it. rEtii: rotation. As a consequence, the deployed apparatus is not ex- 
posed to damage or harm resulting from a "whipping action" 
or other such action. Moreover, the rate of deployment IS 

45 made essentially constant by the use of a fluid having a low 
rate of thermal viscosity change. It should also be recognized 
that damping of the translational rate may also be varied by in- 

means of alignment for the mounting bracket 
become outlet 19 such that the coolant radiator do 

canted or skewed in space during its movement. 
The outer cylindrical member 53 includes a pair of inwardly 

directed guide pins 5B which further align and direct the 
movement of the deployment The guide 

93. The guide pins are movable in helical slots 55 which aid 50 length. 
pins 54 protrude inwardly of the outside cylindrical structure 

and assist deployment of the radiator. The slots 55 are formed 

creasing Or decreasing the helix Of slots 55 their 

On retraction* it is assumed that the deployed apparatus Is 
i n  a 
and integrally constructed therewith. The back 
be perfectly circular and connects the cylindrical m 

member 5Q which is joined to the bac e 25 
can 
r 56 

moved by means not pertinent to the present invention. Mow- 
ever, such movement does return the outlet connector 15 to 
the original fdl-line position of FEG. 1, and particularly, 

which extends from the back plate between the 
members 49 and 53 described above. The spacing between the 
cylindrical members 53 and 56'is such that the guide pins 54 
which protrude internally of the cylinder 53 are received 
within the slots 59. The slots 55 preferably extend approxi- 
mately 90' around the circumference of the cylindrical 60 lowSraPid movement. 
member 56, and the amount of lead determines the amount of Retraction is achieved relatively straightforwardly with the 
extension or translation of the deployment actuator. Thus, the apparatus returning to the original illustrated position of FIG. 
upper guide pin of FIG. 1 is shown at its recessed or withdrawn 1. Consequently, the apparatus functions bidirectionally with 
position, and it rotates to a point 90" around the circum- the only difference lying in the damping rate of the means 24. 
ference of the cylindrical member 56 which point may be a 65 The foregoing has been directed to the preferred embodi- 
predetermined distance forward of the illustrated position of ment Of the present invention. NUmerOuS alterations or varia- 
the guide pin. Thus, if the slot 55 has a lead such that the for- tions may be adapted without departing from the scope of the 
ward end is 2 inches to the right of the illustrated position in present invention. Clearly, the length of the apparatus may be 

, the bracket 14 will be permitted to translate to the altered to include longer bellows and a greater number of 
right by 2 inches. The same is true of the slot cooperative with 70 turns in the hollow toroid spring. Normally, it is not necessary 
the guide pin shown at the bottom portions OF  FIG. 1 except to rotate an apparatus greater than 90" although this can be 
that this slot circumscribes 90" of the cylindrical member in varied to a greater or lesser degree as desired. The length of 
that portion of the apparatus cut away in the sectional view of translation is likewise subject to variation depending on the 
FIG. 1. Hence, this lead slot is not shown in the drawings. The requirements of the particular installation. Other dimensional 
guide pins 54 cooperate with one another to maintain the 75 changes may likewise be accommodated in the apparatus. 

cylindrical 5 5  returns the movable partition 32 to its illustrated position of 
FIG. 1. Such movement is accomplished relatively easily in- 
asmuch as the check valve 34 permits a substantial flow from 
the left to the right as viewed in FIG. 1. Hence, as the 
partition 32 is forced to the left in FIG 1, the relief valv 
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The foregoing has been directed to the preferred embodi- rotational movement by cooperative guide means and slot 
ment of the present invention, and the terminology used in this means connected between said movable bracket and fixed 
specification is likewise adapted for the claims which are ap- housing. 
pended hereto. 4. The invention of claim I including several turns of said 

We claim: 5 tubular member formed as a hollow torsion spring with the 
8 .  Apparatus for connecting a body to a fluid-commu- inlet end of said tubular member being fixed with respect to 

said fixed housing, and further including a concentrically 
a. a fixed housing means adapted to be connected to said located first and second bellows means surrounded by the 

body; turns of said tubular member, a closed member extending 
b. a coiled hollow tubular member having fluid communica- I O  across the connection between said first and second bellows 

tion with said body and the communicated apparatus, means and having an orifice therethrough to permit controlla- 
said tubular members being formed of a resilient material ble fluid flow between said bellows means, and an encircling 
and having a tendency to uncoil upon being coiled relatively movable connector means joined to said first and 
between said body and the attached apparatus: second bellows and movable at  a controllable rate thereby 

c. damping means for controllably regulating the rate ofun- 15 determined, said connector means being connected with the 
coiling of said coiled tubular member; and outlet end of said coiled tubular member and restraining its 

d. a path of fluid communication through said coiled tubular movement through operation of said first and second bellows 
member being provided from said body to the commu- means. 
nicated apparatus and including an inlet and outlet in said 5. The invention of claim 4 including a gas-filled closed con. 
tubular member for providing fluid communicatjon 20 tainer olaced in one of said bellows means. 

nicated apparatus for hinged movement, which comprises: 

therebetween. 
2. The invention of claim B including: 
a. first and second bellows means; 
b. a moving partition between said first and second bellows 

means and having a path of fluid communication from the 25 
first to the second bellows means; and 

c. means connected between said movable partition of said 
bellows means and the outlet end of said tubular member 
for constraining movement of said tubular member by ac- 
tion of said movable partition between said first and 30 
second bellows. 

3. The invention of claim I including a mounting bracket 
movable with and in near proximity to the outlet end of said 
tubular member, said mountjng bracket being guided in its 

35 

6. The invention of claim 1 including: 
a. first and second bellows means; 
b. a movable partition joined between said first and second 

bellows means and being movable at a rate controllable 
by fluid flow between said bellows means; 

c. an encircling ringlike member captured within a slot 
formed in said movable partition extending about the ex- 
terior of said movable partition and being rotatably 
mounted relative thereto; and 

d. connector means extending from said rotatable ring to 
the outlet end of said tubular member for controlling the 
rate of deflection of the outlet end and limiting same to 
the rate of deflection of said captured ringlike member. 
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